Background: Evidence-based curricula for nonprocedural simulation training in general surgery are lacking. Residency programs are required to implement simulation training despite this shortcoming. The goal of this project was the development of a simulation curriculum that measurably improves milestone performance and replaces traditional experienced-based training with a competency-based model.
INTRODUCTION
Simulation in medical education originated in the 17 th century. [1] Professional and military aviation have successfully utilized simulation training for decades. [2] Errors in patient care are becoming intolerable to the public, and in some specialties, residents are required to participate in simulation training before the performance of any invasive procedure. A simulation program of some type is now required by the Accreditation Council for Graduate Medical Education, but this requirement remains entirely undefined for general surgery residency. [3] [4] [5] Laparoscopic and endoscopic skills seem to translate from the simulation laboratory to the actual operating room. Data implies that outcomes can be improved. Similar evidence is lacking for aspects of surgery such as clinical decision-making, communication, and situational awareness. Program and facility costs can become prohibitive. How best to utilize simulation-based medical education (SBME) to achieve these residency training milestones remains elusive. [6] [7] [8] The aim of this effort was to develop a competency-based SBME curriculum which measurably improves general surgery resident milestone performance during trauma and shock resuscitation. An additional goal was that the curriculum may be implemented by clinical faculty and does not require extraordinary resources for success.
MATERIALS AND METHODS

SimMan 3G
® (Laerdal Medical, Wappingers Falls, NY, USA) was used for this training. Curriculum design began with a milestone gap analysis. [9] The resident survey identified critical care as a training area needing improvement. Insufficient clinical exposure to trauma evaluations and critical care resuscitations were noted as causes of this weakness. These areas were chosen as our clinical focus. Goals and objectives were developed for both the overall curriculum [ Table 1 ] and for each training day [ Table 2 ]. These objectives are aligned with the curriculum defined by the Surgical Council on Resident Education (SCORE). [10] An educational model of deliberate practice (DP) combined with SBME was applied. DP entails repetitive training at progressively higher levels of complexity. This is distinct from the historical "see one, do one, teach one" method. [11, 12] Rather than lengthy and complicated scenarios, focused problems were presented to the learner. The intent was for the resident to experience similar pathophysiology presented in multiple forms and at higher levels of complexity as the training progressed.
Scenarios were developed for multifactorial shock following a format similar to Advanced Trauma Life Support (ATLS) standardized patients [ Table 2 ]. [13] Initial scenarios were basic traumatic hemorrhagic. Subsequent training involved shock due to sepsis, burns, and multisystem traumatic injury. The curriculum built on the basic topics of ATLS and continued with more advanced surgical decision-making such as massive transfusion, damage control, and balanced resuscitation as well as interpersonal and communication skills. Also included at increasing level of difficulty were airway emergencies, tension pneumothorax (tPTX), displaced fractures, abdominal compartment syndrome, and acute respiratory distress syndrome.
All postgraduate year (PGY) 2-5 residents attended training once per quarter. Simulation sessions were approximately 15-20 min per scenario followed by a 10-15 min debrief. Two scenarios were done each training day. Four separate training days were designed.
A learner assessment form was created to provide feedback to the residents and capture performance data. Specific metrics for the assessment of effective resuscitation do not exist. Similar to the previous work in trauma simulation, faculty members (Acute Care Surgeons, ATLS Instructors) participated in scenario development and in defining these performance criteria based on ATLS, local, and nationally accepted guidelines. [13] [14] [15] Review of our local needs assessment identified airway and pneumothorax management, identification of shock physiology, resuscitation fluid selection, massive transfusion, and end-points of resuscitation as areas of weakness and items easily measured during training.
Several items (e.g., establishing a patent airway) were assessed as either "yes" or "no", and the time required to accomplish the task was recorded. Other areas were rated on a Likert scale with each level specifically defined and ranging from the ability to recall basic knowledge to the ability to demonstrate mastery. [16] A resuscitation diary recorded the type and quantity of intravenous fluid or blood product given to the patient.
Debriefing occurred immediately after each simulation scenario. An advocacy-inquiry model was used reviewing key decision points in the care of the patient. [17] Scenario objectives were specifically addressed. Residents consented to being videotaped and were able to review these to assess their performance. As part of their overall critique of the training, residents were asked to assess the quality of the debrief by answering questions similar to the objective structured assessment of debriefing. [18] A performance baseline was created as residents experienced the scenarios for the first time. Performance trends were then measured throughout the year and compared to this baseline. Rates of improvement, retention, and decay of skills over time were compared for each PGY. At the conclusion of this training program, residents will be able to Complete the ATLS [13] primary survey in proper sequence Recognize and name specific shock physiology by type (e.g., hypovolemic, cardiogenic, and septic) Identify and utilize at least three evidence -based massive transfusion triggers Describe and implement a balanced (i.e., "1:1") volume resuscitation strategy Identify and utilize at least three evidence-based end-points of resuscitation Residents will also communicate effectively and in a professional manner. These core competencies will be demonstrated by their ability to
Respectfully interact with severely ill/injured patients Customize his/her communication methods based on the characteristics and situation of the patient Maintain composure in a stressful clinical situation
ATLS: Advanced Trauma Life Support
Data analysis was done using R software (R Foundation for Statistical Computint, version 3.1.1, Vienna, Austria) with a significance level established at 5%. The outcomes were modeled using generalized linear-mixed modeling techniques, and these models were used to produce expected outcomes by PGY across each simulator session. The significance of the interaction terms was tested using a Chi-squared test based on the Wald statistic. This work was approved as exempt research by the Institutional Review Board.
RESULTS
Forty-eight trainees completed the curriculum. They were comprised 40 categorical surgical residents Training day 1: Blunt trauma with hemorrhagic shock Goal: Revisit and practice the initial evaluation and resuscitation of a blunt trauma patient in hemorrhagic shock Scenario 1.1 -Single patient MVC 20-year-old male, unrestrained driver involved in a highway speed, HOC with telephone pole Objectives 1. The learner will correctly assess the items of the primary survey in the proper sequence 2. Airway a. Immediately on patient contact, the learner will identify a compromised airway resulting from facial trauma, instability, and obstruction (blood) b. The learner will utilize airway adjuncts (supplements O 2 , chin lift, oral/nasal airway, intubation)
to establish a patent airway within 15 s 3. Breathing a. The learner will diagnose a tension PTX and correctly perform needle decompression within 30 s of patient contact b. The learner will correctly describe placement of a chest tube and chose an appropriate time for its placement during the patient evaluation 4. Circulation a. The learner will make the diagnosis of hemorrhagic shock b. The learner will initiate volume resuscitation within 5 min of patient contact and choose an appropriate initial fluid c. The learner will identify and utilize appropriate end-points of resuscitation (at least 3: BP, HR, INR, LA, BD, UOP, mentation, SVO 2 )
Core competency/milestone targets: [8] PC1, PC3, MK1, MK2, PROF1, ICS1
Injuries: Multiple facial fractures with airway compromise; left tension PTX; left open femur fracture Moulage The patient is secured to backboard and in a cervical collar ("packaged"). Facial trauma should be obvious (e.g., abrasions, nosebleed, blood in/from mouth, incisor tooth broken, gurgling while breathing, and trouble moving air). Open left femur fracture with deformity of the upper leg should be obvious but covered by patient blanket/sheet (require the resident to expose and look for it). Some method to demonstrate active but slow venous bleeding from the wound should draw attention to it as the source of hypovolemia. Various abrasions all over can be added consistent with a high-speed MVC. Avoid other pathognomonic findings such as a "seat belt sign" at this point in the training, especially for lower level residents Flow of events/teaching points Patient arrives minimally responsive with a BP of 80/P. He has "gurgling" breaths due to the blood in his mouth and unstable facial fractures. The resident should assess the airway, apply an airway adjunct, and likely direct or perform intubation (depending on skill set, local practice pattern). Breathing and saturation will get better immediately on a simple chin lift. The patient will spit out an oral airway, and a nasal airway won't pass due to fractures. Basic airway clearance, suction, chin-lift techniques should be stressed versus simply directing someone else to intubate. Figure 1 ]. For this curriculum, PGY 2 was thought to represent a baseline level of skill and training. Therefore, performance in PGY 3-5 was compared to PGY 2 for all variables to assess increased skills obtained as higher levels of training. Similarly, performance during training days 2-4 was compared to the 1 st day of training which was thought to again represent baseline skills. The odds ratio (OR) of a correct action for each comparison are listed in Table 4 .
PGY had no correlation to the likelihood of promptly confirming a patent airway. While the ORs were better for more senior residents, the differences did not achieve statistical significance. All PGY levels did show improvement over the year. Residents were 14.43 times more likely to appropriately perform this skill at the conclusion of training (P < 0.001).
This result was similar for the identification of a tPTX. While PGY did not correlate with a higher OR of an appropriate diagnosis or response, residents were over 10 times more likely to make the diagnosis at the end of the curriculum (P < 0.001). Subsequent needle decompression was accomplished with an OR improvement from 16 to over 42 (P < 0.001). The improved performance was again maintained by senior residents more so than juniors.
Resident's ability to accurately assess shock physiology improved over the course of the curriculum to an OR of nearly 25 (P < 0.001). Their selection of an appropriate resuscitation fluid, recognition of massive transfusion triggers, and use of accurate end-points of resuscitation improved similarly. Finally, the ratio of packed red blood cells (PRBC) to fresh frozen plasma (FFP) decreased over the year (goal 1:1). Senior residents used a lower, more appropriate, ratio than did their junior counterparts. Resident critique of the program was universally positive. Evaluation of the program was recorded with each training session. Comments focused on the realism of the simulation, an appreciation of the threat-free learning environment, and their desire for more simulation in the academic year. Trainees universally regarded the training as realistic, educational, and effective. Suggestions for improvement were incorporated. The most profound change was the daily schedule during which residents felt there was too much time spent waiting. Minor adjustment to the "show time" for each resident corrected this problem and was met with positive response. In addition, residents and faculty were nearly unanimous in their feeling that immediate bedside debrief was more effective than formal tape review.
Program evaluation was also sought from simulation faculty and technicians. Review of these data reveals several items thought to be critical to program success. A threat-free training environment was considered paramount. Scenarios were thought best if focused on 2-3 physiologic abnormalities lasting a maximum of 15-20 min. Mannequin moulage did little to improve realism and again can be kept simple. All patient monitors, imaging, and laboratories should be presented to the learner in a manner identical to their clinical environment. Finally, scenarios ran best when simulation technicians had latitude to alter the patient responses and customize the degree of difficulty based on learner performance.
DISCUSSION
While there is very little which provides validated simulation curricula addressing our needs, several studies provide foundation on which our work is based and will move forward. Our initial efforts in SBME identified that small group and solo learners achieve more effective results than larger sets. This is out of vogue in our current team-based medical culture but is in agreement with recent reports. [19] The concept that SBME correctly simulates live patients and the skills learner is therefore translatable was recently supported by work from the US military. [20] In work similar to ours, trauma evaluations were shown to be accomplished more rapidly and with fewer errors after completion of a mass casualty simulation curriculum. [21] It appears that our study is one of the first to focus on curriculum development to achieve resident milestone performance improvement in trauma resuscitation skills. Our results demonstrate improved competency over the course of the training year. Nearly, every area achieved statistical significance and as a group, they maintained or continued to improve their skills throughout the year. In several areas, junior residents (PGY 2 and 3) experience some decline in ability, but this was regained with additional training sessions. This was not seen in PGY 4 and 5 residents. These data may be helpful in designing future curricula. They possibly indicate the need for shorter training intervals and additional training in the more junior The elimination of videotape review was unexpected. This was thought to be a critical part of debriefing at the beginning of the project. Faculty and learners found it to be excessively time-consuming with less yield than immediate bedside discussion of learning objectives. It was eliminated after the first two training sessions. Videotape debrief requires significant skills. As faculty improves in this area, this method of feedback will likely by more satisfying. While we will be working to improve efficiency of our video debrief process, our results parallel others who were also surprised to find it less helpful than expected. [22] Several limitations of this study are recognized. No control group was utilized in parallel to those completing the curriculum. Performance throughout the curriculum was compared to the first session to evaluate improvement over a baseline. In the course of a calendar year, additional training and information are available to the residents, and this likely affects their performance in our simulation scenarios. This contamination can limit the ability to correlate SBME to performance improvement. In addition, a validated evaluation method is not well defined for this type of simulation training. This limits our ability to definitively prove curriculum effectiveness. This is a common shortcoming in educational research. Finally, the design of the scenarios may not be level-appropriate for general surgery residents. The similar low performance across PGY levels in some areas may be attributable to the topic being simply outside the scope of the curriculum. Certainly, basic airway and pneumothorax cannot be placed in this category. Some of the desired skills may however not be achievable in the general surgery curriculum.
CONCLUSIONS
We have developed a successful curriculum design process. The resultant syllabus is competency-based and founded on the General Surgery milestones, core competencies, and SCORE. [8, 10] Its implementation resulted in statistically significant improvement in performance [ Table 4 ]. Resident's ability to establish an airway, manage a tPTX, and correct shock physiology was greatly improved over the course of the training year. The use of balance resuscitation strategy similarly improved with residents using less crystalloid and a higher ratio of PRBC to FFP as they progressed through the curriculum.
A model for this specific training environment did not previously exist and has subsequently been used to address additional identified training needs in the program. This work provides additional evidence to support the use of SBME in surgical training and gives much-needed direction regarding its implementation.
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